###### Strengths and limitations of this study

-   The experimental cognitive bias modification-appraisal (CBM-App) is tested in a real-world clinical setting as an adjunct to inpatient treatment for patients with post-traumatic stress disorder (PTSD).

-   Participants and outcome assessors (for face-to-face post-treatment outcome assessment) are blind to participant allocation.

-   Outcome measurement includes a 3-month follow-up and a biological index of stress (hair cortisol).

-   Results may not generalise to non-inpatient PTSD treatment settings.

-   Results would need replication in a larger sample before recommendations for CBM-App as a treatment adjunct in inpatient PTSD settings could be made.

Introduction {#s1}
============

Post-traumatic stress disorder (PTSD) is a psychological reaction that can occur after experiencing one or several traumatic events. According to the Diagnostic and Statistical Manual of Mental Disorders-5th edition (DSM-5),[@R1] PTSD is characterised by four symptom clusters: (1) involuntary memories of the trauma (eg, intrusions and nightmares), (2) persistent avoidance of trauma-related stimuli, (3) negative alterations in cognitions and mood that began or worsened after the traumatic event, and (4) alterations in arousal and reactivity that are associated with the trauma. To elucidate the contribution of cognitive factors to the development and maintenance of PTSD, several information processing theories have been proposed.[@R2] These theories have put forward that PTSD symptoms can be explained best by dysfunctions in cognitive processing, such as biases in attention, interpretation, and memory (for reviews, see references[@R7]).

Biases in appraisals, that is, the tendency for individuals with persistent PTSD to appraise the trauma event and/or its consequences in a highly dysfunctional manner, have been operationalised as a core element in the cognitive model of Ehlers and Clark.[@R4] More specifically, the model puts forward that dysfunctional appraisals (for example, 'Having this flashback must mean I'm going mad' or 'In a crisis I won't react adequately') contribute to a 'a sense of current serious threat' (p320[@R4]). That is, the patients' anxiety is the result of appraisals that are related to potential, future threats. Once this current sense of threat is activated, PTSD-related symptoms are triggered, such as intrusions, arousal and strong negative emotions. The model's assumption has been supported by a large body of empirical research showing that dysfunctional appraisals are indeed a correlate and predictor of PTSD/post-traumatic stress symptoms.[@R9] Hence, changing dysfunctional appraisals is a standard component of cognitive behavioural therapy approaches, for example, in cognitive therapy[@R4] and cognitive processing therapy[@R6] (for recent meta-analyses, see references[@R15]). However, present treatments vary in their efficacy,[@R17] and with only about 50% of patients benefiting in some cases.[@R18] Following this, there is clear room to improve and to complement present therapeutic approaches in PTSD.

A promising candidate in this context is a method developed within the cognitive bias modification (CBM) literature,[@R20] namely a computerised training procedure specifically designed to target dysfunctional appraisals (CBM-appraisal, CBM-App). The training is a simple computer-based paradigm, which participants work through at their own pace. During training, participants are presented with ambiguous trauma-relevant sentences, which end with a word fragment. Completing the word fragment resolves the sentence's ambiguity in a benign or positive manner. Via repeated training sentences, participants are systematically trained to appraise trauma-relevant information in a positive or benign manner (depending on the training condition). The CBM-App studies by Woud *et al* [@R22] trained healthy participants to adopt a positive or negative appraisal style towards an analogue stressful event (highly distressing films, for review, see reference[@R24]). The training was applied after[@R22] or before the distressing event.[@R23] Results showed that CBM-App training induced training-congruent appraisal styles: those trained positively appraised novel ambiguous, trauma-related scenarios more functionally than those trained negatively. Further, those who were trained to adopt a positive appraisal style reported reduced analogue trauma symptoms such as intrusion frequency and intrusion distress compared with those trained to adopt a negative appraisal style (for similar results in the context of experimental research on appraisal training, see references[@R25] and for a review on CBM techniques in PTSD, see reference[@R27]).

Given these promising findings from the lab, the current study aims to test whether CBM-App can be applied as an adjunct to treatment for PTSD, specifically an inpatient-based 8-week treatment programme, when carried out alongside the start of the treatment. There are many ways in which CBM modules could be added to treatments, for example, beforehand[@R28] or alongside,[@R29] although such combinations have not always had successful outcomes.[@R30] In this early stage of clinical translation, an inpatient treatment programme has many advantages in terms of investigating potential adjunctive use of CBM paradigms. The inpatient setting gives greater control over timing and administration of training sessions and thus can increase our confidence that participants are engaging in the training in the required way (which can be more difficult to assess for, eg, remotely delivered training schedules). The treatment is also relatively standardised in content and schedule, reducing some of the variance in outcomes. There is some evidence that CBM paradigms can be successfully applied alongside inpatient treatment programmes, although for specific disorders/training paradigms (eg, approach--avoidance training for alcohol dependence[@R29]).

The primary aim of the study is to test whether the CBM-App can successfully reduce dysfunctional appraisals in the context of an inpatient PTSD treatment programme. Secondary aims include investigating whether engaging in the CBM-App training leads to better clinical outcomes, such as reduced symptoms of PTSD, and whether effects of training can still be detected 3 months after discharge from the inpatient unit. The study further aims to collect data about acceptability of the CBM-App intervention to inform further adaptations for future research and potential clinical implementation.

Methods and analysis {#s2}
====================

Trial design {#s2a}
------------

The design is a double-blind (participant and outcome assessor) randomised controlled superiority trial with two parallel arms, comparing CBM-App to a 'sham-training' control condition, the peripheral vision task (PVT). Participants are scheduled to complete eight sessions of either the active or sham training (\~20 min per session) over a 2-week period.

Study setting {#s2b}
-------------

The trial takes place in the inpatient ward of the clinic for Psychosomatic Medicine and Psychotherapy, LWL-University Clinic of Ruhr-Universität Bochum, Germany. This is a specialist inpatient unit providing multimodal treatment for PTSD, with inpatient admissions generally lasting about 8 weeks. A standardised treatment package delivered to all inpatients, including each week one session of individual therapy, three sessions of trauma-focussed group therapy, two sessions of trauma stabilisation group therapy, two sessions of kinesiotherapy, two sessions of art therapy, physiotherapy, clinical rounds and daily short sessions with a nurse. The study is timed such that a 2-week training phase takes place during the first phase of the inpatient treatment.

Participants and recruitment {#s2c}
----------------------------

Participants are 80 adult inpatients admitted to the inpatient ward during the recruitment period who meet the eligibility criteria and consent to take part in the study. Inclusion criteria are as follows: primary diagnosis of post-traumatic stress disorder (PTSD), according to the International Classification of Diseases (ICD-10, F43.1), and according to DSM-5, as assessed via a structured clinical interview (Clinician Administered PTSD Scale for DSM-5, CAPS-5[@R32]; German translation[@R33]); motivated and willing to take part in the study (including questionnaire measures, computer training, delivery of a hair sample and filling out questionnaires after discharge); aged 18--60 years, male or female and fluent in German. Exclusion criteria are: substance abuse/substance dependence currently or in the past 6 months, active suicidal thoughts or intentions, psychotic disorder (past or present), learning disability/intellectual impairment and red-green colour blindness. The latter criteria were needed since the control task (ie, the PVT[@R34]) requires participants to discriminate coloured stimuli.

All patients admitted to the inpatient unit are seen by the senior clinician (HK) for an initial interview, and as part of this, they are provided with initial information about the study. Those patients who are potentially eligible and interested in the study are then allocated to an initial study appointment. During this eligibility appointment, the diagnosis is rechecked with the CAPS-5[@R32] (German translation).[@R33] Further, the researchers provide additional written and verbal information, and if the participant wishes to take part in the study, they provide written informed consent and are assessed for further eligibility. Eligible participants will receive individualised time tables including all training and assessment appointments.

The inclusion criterion of primary diagnosis of ICD-10 PTSD (F43.1) and exclusion criteria of substance abuse/dependence, psychotic disorder, learning disability/intellectual impairment are assessed by a clinician prior to and on admission, as these also determine eligibility for admission to the inpatient unit (ie, they are not part of the study procedures). Other eligibility criteria are established at the eligibility assessment: DSM-5 PTSD via the CAPS interview, adequate German language via ability to complete the eligibility interview and questionnaires, no red-green colour-blindness (which would make completing the PVT not possible) via patient self-report and active suicidal thoughts or intentions via a score of ≥2 on item 9 of the Beck Depression Inventory-III (BDI-II), confirmed by subsequent clinical assessment. Motivation and willingness to complete the study procedures is assessed via self-report during the informed consent procedure, by emphasising to patients the demands of the study, in terms of time and effort, and asking them to confirm whether they think this will be possible for them, and whether they still wish to take part.

Randomisation {#s2d}
-------------

Randomisation is stratified by score on the post-traumatic cognitions inventory (PTCI[@R9]), using two strata (\<165 vs ≥165, based on pilot data gathered from patients in the inpatient clinic). The allocation sequence was generated by a researcher independent from and not involved in the study using a true randomisation process (<http://www.random.org>). A variable block length was used so that participant allocation remains unpredictable to research staff involved in participant enrolment and assessment. During the study, randomisation is centrally administered by a researcher not involved in participant enrolment or assessment (SEB). The participant is allocated to condition immediately prior to starting the first intervention session, via the researcher conducting the session telephoning to confirm the participant's enrolment and participant number, and at that point receiving the allocated condition via telephone.

Interventions {#s2e}
-------------

### Cognitive bias modification---appraisals {#s2e1}

The CBM-App training is a computerised cognitive training procedure adapted from previous experimental work,[@R22] which was derived from the interpretation training paradigm developed by Mathews and Mackintosh.[@R35] Training stimuli consist of ambiguous trauma-relevant sentences, which end with an incomplete word fragment. Completing the word fragment resolves the ambiguity in a benign or positive manner. Participants are instructed to complete the word fragment by pressing the first missing letter on the keyboard. If the letter is correct, the resolved word will appear on the screen. If an incorrect letter is pressed, the participant has to try again until the correct letter is pressed. The training material was derived from the content of the self subscale of the PTCI.[@R9] For example, based on the PTCI items about 'I can't trust that I will do the right thing', the following training stimulus was created: 'In a crisis, I predict my responses will be h-lpf-l' (word fragment: helpful). Each training session comprises 66 trauma-relevant stimuli and 15 neutral stimuli. A small number of trauma-relevant stimuli are followed by a comprehension question to reinforce processing the resolutions (eg, 'Do you believe you will be able to respond in a useful way when there is a crisis?'). The training schedule comprises eight sessions over 2 weeks, each designed to take about 20 min. The endings for the scenarios become gradually more positive over the course of the training, starting by being non-negative and progressing to be positive by the final sessions, in order to ease patients into the positive resolutions (similar to the procedure of reference[@R37]). The training is programmed by Inquisit[@R38] and conducted on a study-specific laptop in a private room in the clinic.

Peripheral vision task {#s2f}
----------------------

The PVT is adapted from that used by Calkins *et al*.[@R34] Participants see an outer circle consisting of 15 smaller grey circles. In the middle of the outer circle, there is a fixation cross. Participants are instructed to focus their attention on this fixation cross during the whole task, but also to pay attention to the smaller circles. One small circle is highlighted and indicates the starting point of the task. Next, a tone with the same pitch is presented a random number of times (between 1 and 9). Each time the participants hear the tone, they are instructed to shift their peripheral vision to the next circle. When the tone changes its pitch, the circles change to become coloured, and the participants have to name the colour of the current circle, on which their peripheral vision is located. Participants receive feedback as to whether their answer was correct or not. The task is adaptive in that after four consecutive correct answers, an additional circle is added to the screen, with the circles becoming smaller in size, and after four consecutive incorrect answers, a circle is removed from the screen, with the remaining circles becoming larger in size. Each training session comprises 6 blocks of 16 trials, to produce a session matched in length to the CBM-App sessions (approximately 20 min). The training schedule comprises eight sessions over 2 weeks. Participants are instructed to treat the first block of the first session as a 'practice' block to get used to the task, so, for example, for this block only, they can use their finger to trace the 'steps' around the circle as the tone sounds. The PVT task is programmed in Java and conducted on a study-specific laptop in a private room in the clinic.

The PVT was used as a control condition to provide an approximation to a 'placebo' sham-training condition, in that it matches the CBM-App on non-specific aspects of the intervention (ie, cognitive engagement in a computerised task requiring concentration, schedule and session length), but does not include the specific aspects of the intervention, that is, the actual content of the training sessions (cf. the definition of placebo as suggested by reference[@R39]). With the PVT, the intention was to replace the content of the training session with something that would be, as far as possible, psychologically 'inert' in relation to the target processes under investigation, yet retain credibility as a 'brain training' programme. Many studies investigating CBM interventions in clinical samples have used adapted versions of the training programmes, for example, exposure to ambiguous training scenarios without the ambiguity being resolved or being resolved positively and negatively equally often. While such conditions may provide a tight control for elucidating specific effects of one or more aspects of the training intervention, if an estimate of efficacy versus placebo is required, then they are less suitable (cf. reference[@R40]). Further, in an inpatient setting in which participants may talk with each other about the study and potentially compare and contrast their respective training conditions, having one training condition that may clearly be identified as a weak version of the other would compromise the trial. Therefore, having two very distinct training programmes was thought to have a greater chance of preserving participant blinding.

Blinding {#s2g}
--------

The trial has a double-blind design. Participants will be blind as to whether they have been allocated to the experimental or control intervention, and the researchers carrying out outcome assessment during face-to-face assessment sessions will be blind to participant allocation. To facilitate participant blinding, the study is explained in terms of training concentration, with one computer training version using words (CBM-App) and the other using visual patterns (PVT). Outcome assessor blinding is achieved via having a researcher carrying out the outcome assessment who was not involved in administering intervention sessions and requesting participants not to divulge information as to which training they had received during the assessments. Lapses in blinding, for example, due to participant disclosure, will be recorded. Staff working in the inpatient clinic will not be informed about the participants' allocated conditions. The researcher introducing the intervention and administering the intervention sessions is by necessity not blind to participant allocation. The trial database is maintained blind until immediately prior to conducting analyses.

Outcome assessment {#s2h}
------------------

Measurement will take place at the following time points: baseline, mid-intervention (\~1 week postbaseline), postintervention (\~2 weeks postbaseline), end of inpatient admission (\~6 weeks postbaseline), 6 weeks postdischarge and 3 months postdischarge (see [table 1](#T1){ref-type="table"} for the study's schedule). All assessments are conducted at the LWL clinic by a researcher following a standardised protocol, except for the postdischarge assessments, which are completed by patients from home and returned by post. If the postdischarge assessments are not returned within the scheduled time frame, participants will receive reminders via email and/or telephone.

###### 

Study schedule of measurement and testing

  Approximate time since baseline           Eligibility   Baseline   First training session   Mid-training   Post-training   End of admission   6 weeks postdischarge   3 months postdischarge
  ----------------------------------------- ------------- ---------- ------------------------ -------------- --------------- ------------------ ----------------------- ------------------------
  Consent                                   X                                                                                                                           
  Demographics                              X                                                                                                                           
  CAPS                                      X                                                                                                                           
  BDI-II                                    X                                                                                                                           
  BAI                                       X                                                                                                                           
  Treatment information                     X                                                                                                                           
  Intrusion questionnaire                                 X                                   X              X               X                  X                       X
   Additional suicide/self-harm questions                 X                                   X              X               X                                          
  Scenario task                                           X                                   X              X               X                  X                       X
  PTCI                                                    X                                   X              X               X                  X                       X
  PCL-5                                                   X                                   X              X               X                  X                       X
  Hair cortisol                                           X                                                                  X                                          X
  Feedback                                                                                                                                                              X
  IAT                                                     X                                                  X                                                          
  CEQ                                                                X                                                                                                  

BAI, Beck Anxiety Inventory; BDI-II, Beck Depression Inventory; CAPS, Clinician Administered PTSD Scale; CEQ, Credibility-Expectancy Questionnaire; IAT, Implicit Association Test; PCL-5, PTSD Checklist for DSM-5; PTCI, post-traumatic cognitions inventory.

Primary outcome: dysfunctional appraisals (scenario task) {#s2i}
---------------------------------------------------------

The primary outcome is dysfunctional trauma-relevant appraisal bias, operationalised as the number of the scenarios completed with a trauma-relevant interpretation, at post-training assessment (relative to pretraining). In this task, participants receive a booklet containing open-ended trauma-related scenarios, and participants have to complete the scenario. An example: 'Today I think differently about my resilience. My strength is...'. Participants are asked to write down the first ending that comes automatically to mind. Responses can be classed as a trauma-related or not trauma-related interpretation. This will be assessed by independent coders, blind to participant condition. Trauma-relevant interpretations are coded as '1' and non-trauma-relevant interpretations coded as '0'. All values ​​are added, and this results in a total value for the automatic dysfunctional cognitions. The booklet includes 10 trauma-related scenarios, based on items of PTCI.[@R9] Like the CBM-App training, the scenarios have the potential to be interpreted more positively over the course of the study. In addition, there are four filler scenarios, which are general ambiguous scenarios (eg, 'I cook something to eat. It tastes...').

Secondary outcomes {#s2j}
------------------

The secondary outcomes are:

*Dysfunctional trauma-relevant appraisals (scenario task)*. In addition to baseline and post-training, the scenario task is administered at mid-training, at the end of the inpatient treatment, then 6 weeks and 3 months following the end of the inpatient admission.

*PTCI* [@R9] *(German translation* [@R36]). The PTCI is a self-report measure assessing post-traumatic cognitions. It consists of 33 trauma-relevant statements whereon participants have to give their agreement on a 7-point Likert scale referring to the last week (eg, 'If I think about the event, I will not be able to handle it'). It is administered at baseline mid-training, end of training, end of inpatient admission and at a 6-week and 3-month follow-up.

*PTSD Checklist for DSM-5 (PCL-5,* [@R42] *German translation* [@R43]). The PCL-5 is a self-report measure containing 20 items to assess PTSD symptoms based on the DSM-5 criteria. Participants indicate on a 5-point Likert scale how much a specific symptom applies to them (eg, 'Repeated, disturbing, and unwanted memories of the stressful experience.'). It is administered at baseline, mid-training, end of training, end of inpatient admission and at a 6-week and 3-month follow-up.

*Implicit Association Test (IAT* [@R44]). The IAT is a word categorisation task to assess the strength of associations. Participants are instructed to sort words, which are presented consecutively in the middle of the screen. In this study, the four categories from the traumatised self IAT[@R45] were employed: words from the category 'me' (eg, self and me) and 'not me' (eg, other and them) represent the target words. Words from the category 'traumatised' (eg, damaged and broken) and healthy (eg, capable and whole) represent the attribute words. In the critical blocks, one target word and one attribute word share a response key. Thus, two conditions emerge: during the first condition, participants react to words from the categories 'me' and 'traumatised' with one response key and to words from the categories 'not me' and 'healthy' on the other response key. In the second condition, it is vice versa. The reaction times index the associative strength between the target and attribute categories. For example, if participants associate themselves more as traumatised than healthy, they will categorise the words in the condition faster, in which 'me' and 'traumatised' share a response key, than in the condition, in which 'me' and 'healthy' share a response key. It is administered at baseline and post-training.

*Intrusion questionnaire*. The intrusion questionnaire assesses the frequency, distress and vividness of intrusions during the previous 7 days. Further, it asks whether there is a specific, distressing flashback that keeps on reoccurring. If answered with 'yes', participants have to rate the intrusion's distress and vividness. The intrusion questionnaire is administered at baseline, mid-training, end of training, end of inpatient admission and at a 6-week and 3-month follow-up. During the inpatient measurements, this questionnaire contains an additional question about suicidal thoughts (question nine from the BDI-II) and one question about self-harming behaviour, in order to increase the chance of detecting potential adverse events.

*Hair cortisol analysis*. To analyse long-term changes in cortisol, we will conduct a steroid hormone determination from human hair (for a review on the long-term endocrine correlates of PTSD, see reference[@R46]). For this purpose, several thin strands of hair (total diameter approx. 3 mm) are cut-off from the participants' posterior vertex region of the occiput. After discharge, participants are asked to cut this hair off by themselves (or with help from a friend/partner). To do so, participants received an instruction via video. The steroid concentrations are analysed in the first scalp-near 3 cm hair segment close to the head. Based on an average hair growth rate of 1 cm per month,[@R47] this segment should have grown in the 3 months between the measurements and therefore reflect the cumulative steroid secretion over this period. Cortisol is measured at baseline, end of inpatient stay and a 3-month follow-up.

### Additional measures {#s2j1}

The CAPS-5[@R33] is a structured interview used for PTSD diagnostics. Symptoms can be assessed in relation to the whole life, the last month or the last week. In the current study, symptoms in relation to the past month are examined. The CAPS-5 also provides information about the onset and duration of the symptoms, and social and occupational impairments as well as subjective distress. Further, it is possible to obtain information about the general severity of the PTSD, the dissociative subtype, the response validity and symptom changes compared with a previous CAPS measurement. The interview consists of 30 items (eg, "In the past month, have you had any unwanted memories of (EVENT) while you were awake, so not counting dreams?) and takes 45 to 60 min. It is conducted during the eligibility assessment (ie, prebaseline) to check whether participants meet DSM-5 criteria for PTSD (a study inclusion criterion).

*BDI-II* [@R48] *(German translation* [@R49]). The BDI-II is used to evaluate depression severity. The questionnaire contains 21 items, which refer to the last 2 weeks. Each item consists of four statements, and participants have to select the most matching one. It is administered at the eligibility appointment only.

*Beck Anxiety Inventory (BAI* [@R50]; *German translation* [@R51]). The BAI is a commonly used questionnaire to measure severity of anxiety symptoms. Twenty-one descriptive statements about anxiety symptoms are presented, and participants are asked to evaluate their symptom severity with reference to the last 7 days on a 4-point Likert scale (eg, 'Numbness or tingling'). It is administered at the eligibility appointment only.

*Demographic information*. The demographic questionnaire contains questions about participants' gender, age, educational background, occupation and family status and further questions about migration background and duration of German language speaking to help inform judgement of participants' German language fluency. It is administered at the eligibility appointment only.

*Treatment information*. This questionnaire is used to collected information about participants' medication, including dose. It is administered at the eligibility appointment, end of training and end of inpatient admission.

*Credibility-Expectancy Questionnaire* [@R52]). This questionnaire is used to assess the participants' views on the computer training and their expectation of a symptom reduction achieved by the training. In this way, it is possible to evaluate whether the credibility/expectancy is balanced between the groups. Out of six questions, three questions assess the credibility of the intervention (eg, 'At this point, how logical does the computer training seem to you?'). The other three questions measure the expectancy of the trauma symptom reduction ('What do you really feel, how much improvement of your impairments due to the trauma symptoms will occur?'). A German version, which was translated by Riecke *et al*,[@R53] was adapted for this study. It is administered prior to first training session once the content of the training has been explained.

*Feedback questionnaire*. This questionnaire offers the participants to give feedback about the study and the computer tasks. For example, it measures how useful they found the computer training, and whether they would recommend the training to a friend in a similar situation. Moreover, some open questions are included to provide the option to give detailed feedback (eg, 'How do you think, did the computer training help you?'). The feedback questionnaire is administered at a 3-month follow-up.

Sample size {#s2k}
-----------

Sample size was informed by a power calculation to find a between-group effect of *d*=0.70, with 80% power at p=0.05. A meta-analysis by Hallion and Ruscio[@R54] found an effect size of *g*=0.81 for the effect of CBM on interpretation bias. We took a more conservative estimate of *d*=0.70, requiring 35 participants per group. To allow for up to 15% attrition, we planned to recruit 80 participants.

Data collection and management {#s2l}
------------------------------

Data collection is initially on paper or on dedicated study computers at the LWL clinic. Paper data are initially stored at the LWL clinic until the participant has been discharged, at which point it is transferred to a locked filing cabinet in Ruhr-Universität Bochum offices. Data will be entered into an electronic database on an ongoing basis, and the database and output from computer tasks will be regularly backed up to a remote server. Further, paper pencil data will be scanned and saved on a computer. The computer databases do not contain information about participant condition, which will be added only as required prior to analysis. Data completeness is monitored by a research assistant while the study is ongoing, and incomplete data queried with the relevant researcher. Any patient identifiable data will be stored separately from research data and accessible only to members of the research team. Hair samples taken for cortisol measurement will be stored with the other research data in a locked filing cabinet and sent together for analysis after completion of the study. The databases are initially managed and maintained by research assistants/student researchers carrying out data collection while data collection in ongoing. The principal investigator (MLW) will have primary responsibility for verifying the completeness and integrity of the database prior to data analysis and will be responsible for managing and maintaining the database after analyses have been completed.

Prior to carrying out the study analyses, 100% of the primary outcome and 15% of other outcome data will be independently re-entered and checked against the source data by a researcher blind to participant condition. If an error rate of \>1% is found, 100% of the outcome data will be re-entered.

It is planned to share anonymous outcome data from the study on publication of study results, via a suitable repository such as the Open Science Framework (osf.io).

Trial management and monitoring {#s2m}
-------------------------------

The principal investigator (MLW) has overall primary responsibility for the conduct of the trial. Ongoing management and oversight of trial conduct is via regular meetings with the researchers involved in data collection. Owing to the size and nature of the trial, a data monitoring committee was not judged to be required. The trial management group is composed of MLW, SEB, JCC and HK, and these researchers with JM also take responsibility for trial steering.

Patient and public involvement {#s3}
==============================

Patients and/or public were not involved.

Adverse event monitoring {#s3a}
------------------------

Adverse events will be monitored by trial researchers on an ongoing basis and on completion of the study, recorded on an adverse event checklist completed for each participant. Based on the participant population, the following possible adverse events were defined prior to commencement of the trial: suicidal ideation (indicated by score of ≥2 on item 9 of the BDI-II, confirmed by follow-up clinical assessment), self-harm (indicated by self-harm item on the intrusion questionnaire, confirmed by clinical assessment), worsening of PTSD symptoms (indicated by deterioration on the PCL-5 greater than a 'reliable change index' calculated from the study baseline data), dropping out of inpatient treatment against medical advice, terminating the study due to feeling participation is having an adverse effect on recovery, readmission to the inpatient unit following discharge during the follow-up period of the study, self-reported adverse effects of the training (via the feedback questionnaire completed at the end of the study) and other adverse events not defined here. Queries about classification of adverse events will be discussed by the trial management group (MLW, HK, JCC and SEB). For each adverse event, the relationship of the event to the intervention (CBM-App or PVT) will be decided by the trial management group and rated on a scale from 'unrelated' to 'definitely related'.

Data analysis {#s3b}
-------------

The primary analysis will be conducted as intention to treat, that is, all participants randomised to either condition will be included in the analysis regardless of completion of training sessions or outcome measures. Secondary analyses will be conducted both intention to treat and in a 'per protocol' sample, defined as those participants who complete 4 out of 8 training sessions and who provide complete outcome data for the relevant measure. Adherence to the training schedule is verified by the researcher who is present at the training session.

Intention to treat analyses will be conducted using linear mixed models to allow inclusion of all participants regardless of data completeness. A mixed-model repeated measures analysis of variance will be fitted over all time points, and this overall model will be used to provide estimates of within and between-group effect sizes (Cohen's d) and contrasts (provided as a t value) at each measurement timepoint. Thus, the primary outcome (the scenario task at post-training) is derived from a mixed-model fitted over all six timepoints, with the statistical significance and between-group effect size for the primary outcome provided by the contrast between the baseline to post-training change in dysfunctional appraisals between the two groups as derived from the fixed-effects estimates for this model. Per protocol analyses will be conducted using similar mixed-model repeated-measures analysis of variances.

Potential group imbalances at baseline will be tested via t-tests for continuous variables and Χ^2^ tests for categorical variables. Exploratory analyses will investigate the potential relevance of any baseline imbalances on potentially prognostic variables on outcomes by including these variables as covariates in the outcome analyses.

As much of the testing is carried out by students as part of their research project for a Masters degree, subsets of the data will be analysed by these students for the purposes of their Masters thesis prior to trial completion. It is not intended to make any decision, for example, to procedures/trial continuation on the basis of these analyses.

Ethics and dissemination {#s3c}
------------------------

The study was approved by the ethics committee for the Faculty of Psychology, Ruhr-Universität Bochum (204) and the ethics committee for the Faculty of Medicine, Ruhr-Universität Bochum (15-5477). The main ethical issues are: informed consent, use of sham-training control and anonymity in the follow-up period. Participants are informed in full about what the study procedure involves prior to deciding to take part and can discuss this with both the head doctor for the clinic (HK) and the researchers involved in taking consent. Use of a 'sham-training' control requires half of the study participants to spend time engaged in a sham-training task, which places more participant burden than a weaker control such as simply treatment as usual. However, a sham-training control was preferred as without controlling for non-specific effects of CBM-App, such as expectancy, researcher contact, distraction and general cognitive engagement, it would not be possible to draw any conclusions about the reasons for differential improvement observed. The control condition chosen is one that has been used in other clinical studies (eg,[@R34]) and thus appears acceptable to clinical populations. In order to not bias participants towards one or other of the training conditions, they are both presented as training concentration, and thus as in most experimental studies, some specific aims of the trial (investigating/training appraisals) are not provided to participants at the start of the trial. However, appropriate to the lack of evidence for beneficial effects of CBM-App in clinical populations, the potential benefits of taking part in the study are not emphasised in participant information. If evidence for specificity of effects is provided in this trial, then future trials could compare the CBM-App to other potential clinical interventions (cf. reference[@R41]). In relation to anonymity in the follow-up period, following discharge from the ward, participants are sent follow-up questionnaires via post and are asked to return these and a hair sample. Plain envelopes without visible clinic logos are used in order to reduce the risk of participation in the trial being inadvertently disclosed. Patient contact details such as addresses are destroyed after completion of the trial.

The results of the trial will be disseminated primarily via publications submitted to peer-reviewed journals, following International Committee of Medical Journal Editors authorship eligibility guidelines, and via conference presentations at both national and international conferences. All study materials will be available on request from the first author. If the primary hypothesis is confirmed, that is, if participants receiving CBM-App show a greater reduction in dysfunctional appraisals than those in the control condition, and the pattern of change on secondary outcomes suggests that CBM-App could provide a useful treatment adjunct to treatments for PTSD, further funding will be sought to carry out larger randomised controlled trials (RCTs) powered to find differences in longer-term PTSD outcomes. Conversely, a null result for the primary hypothesis would indicate that further clinical applications of CBM-App as implemented in this study would not be indicated, unless other further development work indicated increased potential efficacy.

To summarise, there is clear theoretical and empirical evidence for the crucial role of dysfunctional appraisals in PTSD. Furthermore, experimental studies have shown that CBM-App can modify such appraisals and reduce analogue trauma symptoms. The present RCT sets out to test the effect of the training in a clinical context. If successful, CBM-App may be a useful and efficient adjunct to current treatments of PTSD.

Trial progress {#s3d}
--------------

The trial is currently in the active recruitment phase (started February 2016; first study assessment on 29 February 2016). This is Protocol V.2.1, 14 February 2018. Substantial protocol amendments will be communicated to investigators via email and to other parties as required. Amendments to the study protocol will be reported in publications reporting the study outcomes.
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